&£

NATIONAL ADVISORY COMMITTEE.
FOR AERONAUTICS

TECHNICAL NOTE

No. 1378

PRELIMINARY INVESTIGATION AT LOW SPEED OF DOWNWASH
CHARACTERISTICS OF SMALL-SCALE SWEPTBACK WINGS
By Paul E. Purser, M. Leroy Spearman, and William R. Bates

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

Washington
July 1947




-

NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1378

PRELIMINARY INVESTIGATION AT LOW SPEED OF DOWNWASH
CHARACTERISTICS OF -SMALL-SCALE SWEPTBACK WINGS

By Pauwl E. Purser, M. Leroy Spearman, and Willlam R. Bates

SUMMARY

A preliminary investigation has been made at low speed of the
downwash behind various small-scale sweptback wings. The wing con-
figurations for which data were obtained covered aspect ratios
from 2.5 to 4.0, .swespback angles Sfrom 32.5° to 40°, and ratios of
root chord to tip chord fram 0.62 to 2.06. )

The datae showed that for the hilgher talls and shorter tail
lengths behind each of the wings in the wing-tail combinations
- tested fairly large variations occurred in the rate of change of
downwash angle with angle of attack de¢fde at high angles of attack
with resulbing large chanses in ihe.longltudinal stability of the
wing-tail combipations. In general, lowering -the tail to a position
near the extended chord line of the wing and increasing the tail
length caused improvement of the stability as characberized by
decreases in defdo and by decreases in the variation of defdn
. with angle of attack.

Increasing the wing aspect ratio caused a reduction in de /d.cr,
and improved the tail contridution to the stability. Increasing
the. ratio of wing root chord to tip chord caused increases in the
rate of change of d.ownwash angle with angle of attack for the low
. 1ift range.

The use of trailing-edge flaps caused a slight Increase in
de /d.cz. and caused an increment of downwash angle &t low angles of
attack ebout the same &s would be expscted for unswept wings.
Leading-edge slats reduced the variation of de /d.m at high 1ift
cosfficients and generally resulted in improvement of the stability.

Values of downwash gngle computbed -from design charts for unswept
wings given in NACA Reports No. 648 and 71l agreed fairly well with
. experimental data at low 1lift cosfficients provided the computatlions
were based on the aspect ratio and span of an unswept wing having the
seme panels as the sweptback wing. .

i
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INTRODUCTTON

The enalysis of reference 1 shows that the wee of sweptback
wings for high-speed alrcraft can greatly extend the range of flight
Mach number attalnable before the onset of serious compressibility
effects on the wings. The National Advisory Committee for Asronautics
is therefore attempting to supply design date on the characteristics
of swept wings. For tha low-speed range in which the disadvantages
inherent in the use of high degrees of sweep appear to be greatest,
the Langley Laboratory of the NACA has supplied such data on the
low-gpeed stabllity and control characteristice of sweptback wings in
references 2 and 3 and has provided a collection and analysis of
static longitudinel stability characteristics of sweptback wings in
reference 4.

. The eanalysis of reference 4 shows that the static longitudinal
stability of lsolated wings, particularly near the stall, is

greatly dependent upon the aspect ratic and sweepback angle. A
summary chart based on these two parameters is presented in reference b
for use in determining stable and unstable combinations of sweep

end aspect ratio. Other dats presented in reference 4 indicate, how-
ever, that the problem of obtaining adeguate longitudinal stability
for wing-tall combinations is more complex than that for wings alone
because of apparently large and unpredictable downwash changes in the
region of the tail surfaces.

As an extenslon to the work of reference 4, the present paper
provides a collectlion and brief analysis of downwash measurements
maede behind various sweptback wings. The date were obtalned from
tuft observations and force tests of wing-tall combinations in the
Langley T~ by 10-foot tumnel.

COEFFICIENTS AND SYMBOLS

Cr, 11ft coefficlent (Lift/qS) . _

th © isolated~tail 1ift ooeffioient (Lift of isolated tail/qS)
Cp drag coefficient (Drag/qS) o

Cp pliching-moment coefficient about guarter chord.of wing

mean aeroiynamic chord (Pitching moment/gSc')

q dynamic pressure, pounds per square foot (%—)
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mass.densitf.of eir, slugs per cubic foot
alr velocity, feet per second

wing aresa, square feeb

tall area, square feet

alrfoll sectlon chord, feét '

. s [P/2
airfoll mean serodynamic chord, faet 5 ¢® ay
0

alrfoll root chord, feet

airfoll tip chord, feet

angle of sweepback of line of .quarter-chord points of alrfoll,
degrees

ving aspect ratio (b2/S)
all aspect ratio \(Pt2/85)

. wing span, feet

- teall span, feet Lo

angle'bf aﬁtéck_ef?wing;chprd_line,.degrees
angle of attack of tail chord line, degrees
angle of downwash, determined fram tuft surveys, degrees

effective sngle of downwash determined from force-test
data, degrees !

tall setting with respect to wing chord line, positive
vhen trailing edge moves down, degrees

'e?fective:dynamic pressure'at tail, powmds per square foot

_tail length, distence in chord plene from quarter-chord

point of wing meen merodynamic chord to quarter-chord .
point of tall mean aerodynamic chord or to a polnt in
survey plane equivelent to quarter-chord point of tail
mean aerodynamic chord, feet
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hg tall height, verticel distance from wing chord plane to
tail chord plene or to point ' in survey plane, feet

gpanwise distance from plane of symmetry, Ffeet

.

np neutral polnt

MODELS AND APPARATUS
Models

Detalls of the models tested are shown in figures 1 to 7. All
the winge and talls were made of laminated mshogeny. The tails of
models A to D were mounted on a 2- by 4-inch pine fuselage by means
of the Pittings shown in figure 8.

Survey Apparatus

Downwash surveys for models D, E, and F were made with the
tuft apperatus shown in figure 9. For models B and C the wixes

exteonded from the tunnel floor to the ceil:lng end from 5% = 0

to % = 1.0, The row of wires bBupporting the tufts was swept
back 40° and photographs (sse fig. 10) were teken from the side of
the tumnel at an angle of 90° to the alr stream. The photographs
were enlarged to approximately one-half full-size and the tuft
angles were read by using the vernier pro'bractor of a drafting
machine.

TESTS AND RESULTS
Teat Conditions

The following table summarizes the test condi'bions i’or the various
- models in the lLangley 7- by 10-foot tunnel: :

Dynanic pressure . Turbulence
5 Model (1b/sq £t) | Test Reynolds number Pactor
A, B,and © 17.16 0,834 x 10% 1.6
B 12.37 ‘ .ggo _ l.g
F 16.37 «J00 Lo
Tetatte 16.37 - o He
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Corrections

Tares.- The model force-test data have not been corrected for
teres. The data for the isolated tails of models A, B, C, and D
have been approximately corrected for tares by adjusting the angle
of zero 1ift to -3.8°. This angle is a corrected value based on
tests data for unsdwept Clark Y airfoils multiplied by the cosine of
ho® to- account approximately for swesp effects.

: The downwash angles determined from tuft surveys for the -
symmetricdal airfoils (models B and C) were approximately corrected
for tares by subtracting the downwash angles measured at an angle
of attack of zero from the downwash angles measured at all angles
of attack. For the cambered airfoils (models D, E, and F) the
tare downwash angles were determined from tuft measurements made
with the models removed but with the model support strut installed
in the tunnel. '

Jet-boundary effects.~ The various Jet-boundary corrections
applied to the force-test data are presented in table I. These
corrections are standard valmnes developed for unswept wings (see
reference 5) and for the present tests wers based on the actual
aspect ratio and area of each sweptback wing. )

Within the limits of epplicability of the Jet-boundary
corrections developed for unswept wings to tests of. swept wings s
. the effective downwash angles determined from the corrected force-
‘test data are also corrvected for Jet-boundary effects.

- No Jet-boundary corrections have been applied to the downwash
angles measured by tufts for any models ; but the angles of attack
presented with the tuft-survey date are also uncorrected in order
that the valuss of de¢/de obtained from these data might be more
nearly correct.

Tests and Presentation of Results

Force tests.- Force tests of all models were mads through the
angle-of -attack range from sbout -4° to the stall angle. For models A
to D "tests were made with the tail removed and with the tail set at
approximately 0° and ~6° relative to the wing chord line at each of
the positions showm in Pigures 1 to L, '

For models A to D the values of effective downwash angle ¢'
end dynamic-pressure ratio were computed from tail-off, tail-on,
and isolated-tail teste by a method of successive approximations-which
tekes into account the nonlinearity of the isolated-tail 1ift curve.
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Downwash surveys.- The downwash surveys behind models B and C
with the tail removed and behind the wings of models D, E, end F
store made through the angle-of-attack range from 0° to 200 in the
survey planes ghown in figuvres 2, 3, h 6, and 7. -Since the groups
of tufte were fixed In mpace, the survey planes were located
differently with respect to the model for each angle of sttack, as
shown in figure 1l1. The data are shown located with respect to the
chord plene, snd the fact that the survey planes did not remain
perpendicular to the chord plane was ignored bYecause of the relatively
mmall variation of downwash with longitudinal location in the survey
region.

Preaentation of resulta.- The data sre presented in figﬁres 12
to 30 in three genersl groups: force-test data, tuft surveys, end
analysis plots and are Indexed in table II.

DYSCUSSION
General '

The force-test data, particularly data in figures 12(a), 13(a),
1k(a), and 15(a)}, and the tuft surveys {figs. 20 to 24) indlcate
that for high talls and short tall lengths behind each of the wings
tested for the present investigation, the variation of downwash angle
with angle of attack undergoes rather large chenges at high values
of 1ift coefficient (Cp, > 0.6), These chenges in a:/da usually
occur at anglés of attack near the angles at which changes occur
also in the wing 1i1ft, pitching-moment, and drag characteristics.
Tuft observatione of the flow at the wing surface ‘show marked changes
in the flow pattern at these same angles of attack and indicate a _
general shift of 1ift load toward the root section. That such a shift
of load occurs for sweptback wings is shown by the data of reference 6
and in tests made in the Langley &-foot high-speed tunnel. The changes
in d¢/da that occur at high 1ift cosfficients therefore are probably
a result of the increased loed-carried by the root section.

Dete ‘obtained in the Langley 19-foot pressure tunnel show that
the changes in air flow, lift, pitching moment, and drag that occur
at lov Reynolds numbers at values of 1ift coefficient of 0.6 and
higher are reduced or delayed to higher angles of atbtack by increases
in the Reynolds number. It is to be expected, therefors, that the
data presented herein, which were all obtalned in teste at low
Reynolds numbers, may tend to overemphasize the changes in de/dc.

The actual changes occurring on full-size alrcraft probably would be
less marked end would occur at higher values of lift coefficient
than do the changes presented in the present paper. The data obtained
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in the 19-foot pressure tunnel, howsver, show relatively small
effects of Reynolds number at low 1ift coefficien'bs, therefore the
low Reynolds mumber of the present tests should have little effect
on the validity of the present date at low 11ft coefficlents.

Since analysls of the data involves a discussion of both force-
teost measurements and tuft surveys, & comparison of the results
obtained by these two methods is. shown in figuree 25 and 26, -An
incremental difference exists between the values of downwash angle
obtained by the two methods that is probably caused by tares;
however, the slopes of the curves are very nearly the sams. The
tuft-survey datae presented are values for a station at the midpoint
of the taill semispan and no attempt was made to account for spanwise
varistions of downwash angle and 'bail l1ift distribution. As noted
in the section entitled 'Corrsctions’ neither the downwash angles
nor the angles of attack from the tuft tests have been corrected.
The correctiéns ts both dowriwvash angle and angle of attack are
of the same sense and order of magnituvde, however, amd as shown
by table I the corrections to angle of a'btack are relatively amall
for all the models tested. )

Effect of Abpect Ratio

The effect of wing aspect ratic on the effective downwash
engle behind sweptback wings is shown in figure 27. The aspect
ratios of the wing and tail were reduced by the same amount so that
the tall for each model would be affected by relatively the same -
portion of the wing. The physical positions of the wing and tail
remained wnchanged when the aspect ratio was changed. The data of
figure 27 Indicate that a reduction in espect ratlio produces an
increase in the value of d¢/da, with the effect being less marked
for the longer tall lengths.

For all the wings tested the changes in de! /don resulting from
a change in aspect ratio are of the order of magnitude obtained
for unswept wings from the charts of references 7 and 8. The
measured values of de! /dm for & given sweptback wing, however, are
less then would be calculated for an unswept wing of the asame
aspect ratio and more nsarly approach the values calculated for
an wnswept wing having the seme panels as the swept wing. This
result 1s 1llustrated in figure 30 in which measured values of de! /da
for the low lift-ceefficient range are compared with values computed
from the charts of references 7 and 8 by three different methods:

(1) Actusl values of A and b obtained on the swept wings were
uged in the charts.
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(2) Actual value of b was used but value of A was multiplied

by the factor - 21 —
CO8%A 0/’4-

L g

(3) Valus of b was multiplied by ————— and valus of A
_ - - co8 Ac/h 3 ’

wasg multiplied by s - _

0652A /}+ no -

Method (3).1s equivalent to basing the computations on an
unswept wing having the same panels as the swept wings.  This method,
although -strictly empirical and having no theoretical 'basis, gave
the closest agresment between experimental and computed values -
of de'/da. Computations of de'/de. made by method (3) for four
complete models have also shown good agreement with experimentsal
values obtained in the Langley 300 MPE 7- by 10-foot, tunnel.

Effect of Taper Ratlo

The only directly comparable data on the effects of taper
ratlo were obtalned for models D and E. These data are compared
in figure 28, which shows that Ffor the low 1ift range the model

with conventlional ‘taper . -:—R;‘- a 2. 9 -has greater downwash angle:

than the wing with inverse teper (% = 0.6la a8 1l-roul<1- be expectgd

from the design charts of references 7 and 8. The data of fipure 28
indlicete that in general a more uwniform varlation of ¢ wlth angle
of attack 1s obtained for. the model with conventional taper.: At
0.2—2 gbove the chord line, for example, the model of conventional
taper shows & falrly wniform increase in downwash angle with angle

of attack, vhereas the wing of inverse taper shows a particularly
repld increa.se in downwash angle between angles of attack of 120 end
16°, This result might be expected since the force-teat datsa '
(figs. 16 and 17) also show smaller departures from lineerity for

the 1lift end pitching-moment curves for the conventional-taper model -

as compared with the curves fo_r the inverse-taper wing.

Effect of Tail Spar and Position

Tall & - The downwash data for the wing of model D (1nverse
teper) 1ndicate that in genersl the average .value of de /dd, increases
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as the tail span increases. (See Pig. 21, ) This condition ie
probably & result of en increased lift load cerried by the tips of
the sweptback inverse-taper wing as the angle of attack increases.
For the wings with conventionsal taper - modele E-and F shown in
figures 23 and 2h, respectively - & similar Increase in the average
valug of de/da occura at low engles of attack for tall spans

ag large as about O.5—a For higher ‘angles of attark and for ball
spans greater than about 0. 55, the data senerally indicate a

decreass in d¢/da with inoréssing ‘tell span, ‘because at high
angles of attack the tip stalling tendenciés of’ sveptback, wings
reduce the tip 1ift losd and because 8F all angles of attack
conventional taper hag a relioving effect tn the 1ift 1oad &t tho -
tip. . _ _

-For the untapered_wings (models B and O) the spanwise variétion
of de/dm is small wntil angles of attack approaching the stall
angle are reached. (See figs. 20 and 29.) A%t these high angles of
attack, the data for by = 0.50b. indicate an Incresse in de/da

vheress the data for bt = 0.80b indicgte a decrease (fig. 29).

The differenoe in sffective downwash angle for the two taill -spans

is again probably ceaused by an inboard shift of the 1ift load. for

sweptback wings at high angles of attack when the tipa stall. ]
Teil position.- Both the tuft~survey and force-test data Indicate

the large effect of both the vertlcsl and longitudinal positions of

the tail on the variation of downwash angle with angle of attack in

the moderate to high 1ift-coefficient rangs. For example, figures 12

to 14 ghow for models' A, B, and ¢ with the short tail length (position 1)

an Increase in dc'/da and e corresnonding unstable change in slope

of the pliching moment nesar maximum lift. -When the tail length is ]

increased (position 2 for models A:ond B and position 3 for model C)

the wnsteble changes in de¢'/dq and 4o Cp, /807, near maximum 1ift are

eliminated. A similar comparison of the nitching-moment and down-
wagh data Por'positions 1 and 2 of models C and D (figs. 14 and 15)
shows .that lowering the tail 16 a position nearer the extended chord.
line of .the wing tends to eliminate unstable changes in de'/da and
dcm/icL near maximum 1ift. The tuft data (figs. 20 to 2k) indicate’

that for high tail positions the value oFf dE/da tends to increase
at high angles of attack wheveas for low tail posiuione the opposite
ig true.

In gehefal the tail positions that are lowest and farthesﬁ
reayward provide the most favorable downwash; that lg, in such
positions the values of defda elther remain constent or show a
stabllizing decrease with incressed 1ift coefflcient, This result
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tends o explain the data of referenco 4 wherein the -presence of a
tall was shown to- improve the longitudinel stability:characteristics
of en uwmstable wing and’ to impair the characteristics of a stable wing.

| Efféct of Hié,h-'-Lift Dévicés

Trailing-edge flaps.~ As shown by the d.a.ta. in figure 22 half-
span flapg on the trailing edge of the wing of model D have the
usual effect of producing an initial positive value of downwash
angle at zoro angle of attack and generally cause & slight increase
in d¢/da, a8 is indicated in reference 9. Computations made by
the method of reference 7, based on an wmawept wing having the same

panels as the sweptback wing of model D, indicate that at 0.(}312

gbove the extended chord line tho increment of dowvmwagh angle et a = 0
caused by flap deflection should be about 5° 8 whereas the data of
figure 22 indicate an incremeht of sbout 5.8°. Computations based on
the actual spen snd aspect ratio of -bhe sweptba.ck wing indicated

an incremont of only 3.8°. :

Wing-tip leading-edgs slats.- The datg of figure 22 show little
effect on d¢/da of the addition of half-span slats at the leading
edge of the wing tip of model D in the low lift-coefficient ran
At hlgher 1lifts, however, the presence of the slats reduced ds¢/da
over the inner 50 percent of the spen. Por tail positions lower than

about 0. 3:"2 aoove the extended chord. lino and increased de¢/da for
tall positiona higher then a.'bout O. 3§

CONCLUSTONS

The resulks of tests at low epeed to detormine downwash charac~’
teristlics behind various small-scale sweptback winga indica'bed the
following cornclusions. '

1. Rather large varia.tions in the rate of change of downwash
angle witr gagle of attack ds/dx occurred for the higher tails
and shorter toll lengths behind each of the winas in the wing-tall
cambinations tested ot high angles of attack with resulting large
changes in loagitulinal steblility of the wing-tall combinations.

2. Extending the tail length and lowering the tail to a .
position near -the extended chord line generally caused a decreqne
in d¢/ do and improved the stebility at high 1ift coefficients.,
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3. Increasing the wing aspect ratio caused a reduction in
de/da and improved the tail contribution to the stability.

k. Increasin the ratic of wing rootichord to tip chord causged
an increase in d&¢€/da for the low 1ift range. -l o,

5. The use of trailing-edge flaps cansed a slight increase.in
defda - end ceused an increment in‘'the angles of downwash at Llow -
angles of attack about thé same as would bb expected on an unswe_pt
wing. lLeading-edge slats caused slight decreases in de/dor. at
high 1ifts and improved tha stability, T A

6. Values of downwash angle computed from des-ign charts for
unswept wings given in NACA Reports No. 648 and Tll agreed fairly
well with experimental data at low 1lift coefficients provided the
computations were based on the agpect ratio and span of an unswep'b
wing having the same panels as the sweptback wing. T Talllno

Langle:,:r Mezﬁorjial..'ﬁ.eronaﬁt'ical Labor'atory' L A L
National Advisory Ccmittee for Aeronautics A
langley Field, Va., April 9, 1047 ' Ce AT
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TABLE I

13

JET-BOUNDARY CORRECTIONS APPLIED TO FORCE-TEST DATA

.

Jet-boundary corrections

: Al /Cy,
Hodel AQ/CL ACD/CLE Short tall Long tail
. length length
A ofuh 0.0076 0.0072 0.,0146
B .28 00ko 0080 0130
c .28 .00k .0030 0080
D 53 0093 0069 0117
E .32 0057 - - - - -
F .33 0058 - .-l - -
Isolated
tails®

8o corrections applied because of small size of talls.

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IT

WACA TN No.

INDEX TO DATA FIGURES

13793

- o Tail position] _t% hy | Flgure
Model configuration number /2 v/2 number
Force-test data
A, with and without 1 TN | 018 | 12(a)
tail | L 2 1.5 .18 12(b)
B, wlth and without 1 1.6 .29 13(a)
tall 2 2k 29 13(»)
1 1.5 29 | 1ha)
C, with and without 2 1145 .03 (D)
tall 3 2.3 «29 1h{c)
1 L.36 43 15(a)
2 1.36 .21 15(p)
D, with end without 3 1.36 .03 15{c)
tall b 1.91 43 15(a)
5 1.91 .22 15€e)
6 1.91 Kol 15(%)
D, wing alone, with and
without hilgh-11ift
devices - - - - -~ 16
E . - - - - - - - 17
P “ .- - 1 -- 18
Isolated tails - - - - - - - 19
ST Tuf't-survey data ]
B, C, without tail - - - 1.5,2.3 ] - - 20
D, wing alone- - -~ 1.36,1.91 1 - - 21
D, wing alone, equipped
wlth flap end slat - - - 1.91 - 22
E .. 1136,2003 - - - 23
F - - - 1.25,L.86 }§ - -. - 2l
3
Anelysis plots
Comparison of force and tuft data 25 and 26
Effect of aspect ratio 27
Effect of teper ratio 28
Effect of tail apen 29
Comparison of measured and computed values of de' /d.o:. 30

NATTIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



/,’”\{7.‘- Clark Y airfoil section

/A4

84E8T "ON N.L VOVN

Position 1, Posi ng._ 2 -
e,
— >

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 1.- Details of model A showing wing-tail combinations tested, Wing: — = 1.0; A = 4,0;
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Figure 2.- Details of model B showing wing-tajl combinations tested, Wing: :—F& = 1,0; A = 2,5;
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Figure 3.- Details of model C showing wing~tall combinations tested. Wing: z—R— = 1,0; A = 2.5;
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Figure 4.~ Details of model D showing wing~tall combinations tested. Wing: £ = 0.617; A = 3.0;
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ORDINATES FOR NACA 22 AIRFOIL
(Stations end erdinates In pevcant of wing chord}

Istation Upper surfince Lower surfaca
0| 288 2.88

Flap 125| 540 | 109
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= 22 |2
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NATIONAL ADVISORY
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Figure 5.~ Details of flap and slat on wing of model D,
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Figure 6.- Details of model E showing tuft~survey planes, % = 2.04; A = 3; Ac /4= 37.57.
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Figure 7.~ Details of model F showing tuft-survey planes,
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Figure 8,- Tittings for high and low tail positions on fuselage of models A, B, C, and D. Al
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NACA TN No. 1378 Fig. 9
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Figure 9,- Survey rig for measuring downwash angles.



NACA TN No. 1378 ' Fig. 10

Figure 10.- Side view of tuft-survey rig in tunnel during test run.
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Figure 11.- Location of survey plane with respect to model at various angles of attack,
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Fig, 12a .~ NACA TN No. 1378
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NACA TN No. 1378 . Fig. 12b

dep.3 0UD yeomUmop MIFLLT
8 a9 <+ 9

. e k 18
J A LA 114 , . |
£ SERcatds SR ik
P4 <
w I / \ mﬂ R
] \ Ny mmu 2
AN \ 2 N
. \ ~
| \ N ©
|| y / -
NS
y _ - AN o
T : ¥
N o N ¥ v Q o Q2 @ ¢ v 0 o o
& JUy344 80 o P \?QM D posrarsse03 417
Auao- Uty oAt &um@uﬂﬁ@&%
&t jusiall 602 oy
N ® N -~ ©
[T L -
1% 1R o O
J K \ M
L 1TLA /
1 ;\ 4 M.//
n 4 / i A
& . M um»/
- k, I #mo,h_vw : . a
|M @ = = G
Pl oo <« mo
q L1 1] [t
1 SIS T B R I S 8 9 g ¥ § © ¥ o + O
Uy ywsroye0s .
JUBULIOLI-IYL IYW ferarrad ‘b bopn'iy2e4io 40 oy

upod 1alingN

Angle of affack, o .deg

o 12

B8

A4 6
Liff coefficient G

o 2

-2

(b) Position 2.

Figure 12.- Concluded.
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Figure 13.- Effect of horizontal tail setting and position on aerodynamic characteristics of



NACA TN No. 1378

d20.3'816up yeomumop M| IT

N D e o

Fig. 13b

I 3] N
\.ﬁ Ina > - { mw %
\
] T LA b LmF Ng
g \ _ mmu o8
g | g S <
h S
A X S
S
] N s
AN A °g
=
1 11/ { S
TIA 1N o
| A | L/ ] h
NS N o R N .wlu T ® oy - oy o o Y
ly *pustafy j502 ST Y ualaije0 417
Justiow-Gutysis /% aru
aunesa.4d-2/wb i g
&' wsjariia03 barg
eI L .
3 < 3
\T-\\E\IVH
Nal — S @
] , g SEaflN w5
R N N '3
- w
. N <%
? BN AX
g N ~&
F . ~
A +Sovw § & ~
r ~ad 1
L A 5] & N
o <« oo o
L P11 ¥
N e g v w g [ Y ] ¥ 8 © = N
5 > 3 . T’ = - N o - - Le) - <
Uh - pugror 1803 530 0"y 04D 40 Py
puacoar-dupysy s 8 8 _
PVW s %

‘tuted (41 RIK

(b) Position 2, -

Figure 13.- Concluded.



Fig. 14a . NACA TN No. 1378

»
E
e
[}
g 5
bap's 'apbup ySomumop ML ' ...:M
S T T R s B3 ) e
A | [n _ m [AY]
i i T g i
4 : A N S amb 3 =
al M \ ™~ MIl a.. ) o .
_ L.C._ ™ ..lA .lm‘ﬂ ot ﬂu-
] / r =% <
4 N : % ;
. , - °s g
o
- . -2 8
. \ .
= , . -
u \ °c 8
e — * O
NOD oy R Q TN 2 19aoe e NN o | — m o"
K5 81114309 ] 2 w9 T2'gaaratgjeos {17 m th m
JLrBLUL - BUIG i 4% ‘orges o ] W.
B.9v08I-oHLP UGG ‘B o ]
: & R 3
—_ m <
’ﬂld\ ! LN
2 9
93 [m]
& yuarsiyio0d dosg — i
bt - k] N - (=) — m A
R TIi1] < 5
. H\Dl = Y n n OO
Y o o (3
57 ' AN g S
& _w N, .am . s n
o
11 T -5 5 S8
n “§ors ? ; 5 - mo
] )
e T 0 . | .
) < uﬁm B
1 .
~ o W v w_ . 8 3 § 2 % e.v oy Voo
&y jugealygend 8 R I dap'n Y20/ 0 40 sibuy < =
Justiowi-duryatly Iy fuesis du ~ @
yurd pauesy @ .m
2 F
o=t
=
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Figure 14.- Continued.
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Figure 14.- Continued.
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Figure 14.- Concluded.
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Figure 20.~ Concluded,
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Fig. 23 NACA TN No. 1378
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Fig. 24

(b) 57{% = 1.86.

Figure 24,- Tuft surveys behind model F.
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Figure 27.- Effect of wing aspect ratio on effective downwash angle

behind sweptback wings. Models A and C.
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